IN the past decade interest in clinical auditory tests has been greatly stimulated by a wide, albeit not wholly unrelated, variety of factors. The more significant among these are the development ofelectro-acoustic instruments which make possible increasingly refined measurements, the growing interest in the fenestration operation, the expanding consumer acceptance of improved hearing aids, the evolution of promising techniques of research in psychoacoustics and finally, but none the less stimulating, the encouraging co-operative attack by workers from allied fields on the problems presented by aural rehabilitation.
niques and the unavailability of instrumentation. It is the purpose of this paper, therefore, to deal with the principles underlying articulation tests' and to suggest how the results of the tests may be applied to clinical situations. THE ARTICULATION FUNCTION *,The articulation function is the basic concept involved in articulation testing. Essentially, it expresses the relationship between the percentage of speech units (syllables, words, sentences) heard correctly and the intensity of the speech at the ear of the listener. The notion of the articulation function grew out of the attempts by Fletcher [7, 8] and his associates at the Bell Telephone Laboratories to devise methods of assessing the efficiency of telephone systems in transmitting speech. The use of speech as the test material was a logical procedure since the purpose of the telephone obviously is to transmit speech. An example of one of Fletcher's early articulation functions is given in fig. 1 [8] . It is seen that as the speech gets more intense the listener hears more syllables correctly. A simpler form of articulation function is shown in fig. 2 [II] . The Proceedi,ngs of the Royal Society of Medicine 26 percentage of words repeated correctly and the abscissa gives the relative intensity in decibels. In this case, a list of 50 phonetically balanced words (recognized as proportionately representative of the phonetic elements of normal spoken English) is presented to the listener at enough levels, 10 db apart, to complete the function. A subject is, therefore, credited with 11 ). 2 % on the vertical axis for each word repeated correctly. Note also the manner in which the articulation score climbs as a function of intensity-especially the steepness of the slope and the 30 to 40 db range over which almost maximum articulation is achieved.
It is apparent that articulation scores (and functions) are subject to the influence of many variables and care should be taken to hold conditions as constant as possible in making tests except, of course, for the item under test, be it a communication system or an ear suspected of hearing impairment. Miller [10] summarized some obvious, but by no means exhaustive, factors-which may affect articulation results, as follows: Announcer Quality and intensity of voice. Correctness [10] illustrates how distance from lips to microphone may influence the per cent word articulation.
DETERMINATION OF THE THRESHOLD OF HEARING BY ARTICULATION TESTS
It is well at the outset to clarify the concept of the threshold as it is derived from articulation tests. Three thresholds can be differentiated: (1) the threshold of detectabilitydefined as the point where the listener is just able to detect speech sounds about half the time and where he is not ordinarily able to identify any of the sounds themselves; (2) the threshold ofperceptibility-defined as the point where the listener begins to perceive some words but where he can barely follow the gist of connected speech; (3) the threshold of intelligibilitydefined as the point where the listener understands half the material presented to him and where he can presumably follow without perceptible effort the gist of connected speech. Miller [10] has shown that the threshold of detectability lies 7 db below the threshold of 27 Section of Otology 677 perceptibility and the latter lies 4 db below the threshold of intelligibility. For our purposes in the clinical context we shall need only the threshold of intelligibility. be within the intellectual ken of the listener; (2) phonetic dissimilarity-fine discriminations (cowboy, plowboy) should not be necessary since no useful purpose is served by them in threshold tests; (3) normal sampling of English speech sounds-not essential for threshold testing but a reasonable sampling is desirable; (4) homogeneity with respect to basic audibility -the ease with which test words are understood should be as equivalent as possible so that small numbers of items can be scrambled and the articulation function will rise steeply over a narrow range of intensity.
A test which meets these criteria has been developed by Hudgins et al. [9] at the Psycho-Acoustic Laboratory of Harvard University. It consists of two lists of 42 dissyllabic words of the spondee stress pattern, i.e. words such as earthquake, hardware, in which both syllables are equally accented. The subject hears six words at given levels progressively attenuated in 4 db steps. The point at which he repeats correctly 3 (half) words is the threshold of Hearing loss is equivalent to the horizontal distance (in decibels) between the curve for the normal and that for the defective ear.
Since the threshold is based on the normal score for 50% correct, the horizontal line through the middle of the plot provides a scale of hearing loss (see ref. 9 ).
hearing (by our previous definition).
Viewed from the standpoint of hearing impairment, the hearing loss can be defined as the number of decibels more required by the impaired ear to hear the equivalent number of words (3). Fig. 4 12 ) based on the same principles as the No. 9 has also been developed by Hudgins et al. [9] . It consists of 8 lists of short, simple questions, each of which can be answered with a simple word. The lists are composed of 28 items divided into seven groups of four items each, with each group of items given at progressively attenuated steps of 4 db.
The relationship of per cent word articulation and sentence intelligibility depends, of course, upon the type of words and sentences used. A fairly typical curve of this relationship plotted by Egan [5] is given in fig. 5 . Hudgins et al. [9] found that the threshold for the No. 12 (sentence intelligibility) test is about 4 db above the threshold for No. 9 (spondees).
Another speech test (not using the concept of articulation function) has been described by Falconer and Davis [6] . In this test the subject listens to a sample of recorded connected discourse and manipulates the attenuator until he just is able to get the gist of what is being said. His hearing loss is the number of decibels more which he requires than the normal ear to reach his threshold of intelligibility for connected discourse. This test has the advantage of economy of time and high face validity. The end-point, on the other hand, is relatively not too definitive. However, Thurlow, et al. [161 found that hearing losses for speech determined by a variety of the types of tests described correlated so closely with one another that only one of them need be used in any clinical routine.
TESTING AUDITORY DISCRIMNATION
It is not only important to determine the faintest speech which an ear can hear (measured by threshold type tests described in the previous section) but it is of great clinical significance (as we shall point out later) to know how the ear hears speech at any intensity, particularly above threshold. Clinicians are familiar with the patient who says "I hear but f can't understand; I can hear better if you speak clearly rather than loudly". This patient's problem is not sharply delineated by the threshold tests. Granted that a sound needs to be audible before it can be distinguished from the other sounds, the fact that it is audible does not necessarily guarantee that it can be recognized accurately. The ability to distinguish one sound from another when both are audible is called discrimination as distinguished from sensitivity which refers to the faintest sound which the ear can hear. In addition to sensitivity, a high degree of discrimination is needed to discriminate sin from thin and pit from pith.
In constructing a test to measure the power of discrimination (or, clinically, the discrimination loss) Egan [5] suggests the following criteria: (1) representation offundamental speech sounds: reasonable proportional representation in the test lists of the sounds that occur in everyday speech insures that the test measures what it sets out to measure, i.e. how the ear copes with the task of discriminating speech which it is likely to have to discriminate 678 28 29 Sedcion of Otology 679 in routine oral communication; (2) types of test items: words appear to be preferable to nonsense syllables which may require recording by phonetic symbols and to sentences which may afford contextual clues; (3) difficulty and reliability test lists: the test items must be so selected that the distribution of item difficulty in each list will make possible a sensitive measuring instrument. In other words, those items which under conditions of the tests are always recorded correctly, or are always missed, should be eliminated from the test lists. Of course, for both sensitivity and discrimination tests many equivalent lists should be available to cut down the learning factor when more than one test is necessary.
Egan [5] and his associates at the Psycho-Acoustic laboratory have constructed a test which meets fairly adequately the criteria for discrimination tests mentioned above. This test consists of 20 equivalent phonetically balanced lists of 50 words each. Fig. 2 [11] shows the articulation function which is derived from the P.B. (phonetically balanced) lists. The discrimination loss, measured along the vertical axis, would be the percentage of words less than 100 % which the ear could discriminate at an intensity level sufficiently high above threshold to eliminate the factor of questionable sensitivity. In other words, no matter how loud the speech is made, the ear may still fail to discriminate all of the test words.
A comparison of the shapes of the No. 9 and P.B. curves taken from Davis [2] is shown in fig. 6 . Notice that the spondee curve rises steeply because the words are almost equally Tests of tolerance.-Tests of tolerance for loud sounds are helpful in the clinical selection of hearing aids. It is important that a patient use a hearing aid with an acoustic output which approaches but does not exceed his threshold of discomfort as described by Silverman [12] .
The test for tolerance is fairly simple. The subject listens to connected speech and he is instructed to increase the intensity until the sound just becomes uncomfortably loud. This point on the intensity scale is his threshold of discomfort.
CLINICAL APPLICATIONS OF ARTICULATION TESTS Articulation tests, properly applied, serve a useful purpose for the clinician who is confronted routinely by problems of diagnosis, prognosis and evaluation of medical and surgical procedures and hearing aids.
(1) Diagnosis and prognosis.-The otologist is called upon routinely to differentiate between deafness of the conductive and nerve types. Or, in other words, he must assess cochlear function. The patient who is a candidate for fenestration surgery is a case in point. We can test the patient with the P.B. lists at high intensity levels (free from distortion) and if his articulation score increases proportionately with intensity (as the score in the function shown in fig. 2 ) he has adequate cochlear function. In essence, an attempt is made to accomplish prior to surgery what the surgery sets out to do-namely, to deliver sound to the analysing mechanism in the inner ear by over-riding or by-passing a conductive lesion. If the attempt to deliver sound over the electro-acoustic system is successful as judged by the maximum articulation score, then surgery, intended to alter beneficially the transmission mechanism of the ear, should accomplish the same result.
In fig. 7 we see unsmoothed articulation functions taken from the clinical records of Walsh and Silverman [17] . Curve A is that of a patient who reaches a relatively high maximum articulation score if presented with speech at high intensity. This patient, therefore, has adequate cochlear reserve and would be a good candidate for surgery. Curve B represents a patient with mixed deafness, since his articulation score does not rise with intensity in the same manner as curve A. The conductive aspect of his deafness might be helped by fenestration but his prognosis would be less favourable than that of the first patient. Note that in curve C increasing the intensity does not proportionately elevate the articulation score after a certain maximum has been reached. The curve of this patient shows that adequate cochlear function is not present. Surgery might provide for more sound to be delivered to the inner ear, but lack of adequate cochlear reserve would preclude reception beneficial to the patient. Walsh and Silverman [17] tion above threshold; consequently, prime significance is attached to the shape of the articulation function and particularly to the maximum articulation score. Davis et al. [3] in their investigation of design objectives for hearing aids related maximum articulation scores to clinically determined types of deafness and confirmed the notions of Walsh and Silverman.
It is clear, too, that the maximum articulation score enables us to predict the value which a patient might derive from a hearing aid. Although a hearing aid might shift the curve to the left it cannot be expected to raise the maximum articulation score since the latter is dependent upon the integrity of the cochlea. The hearing aid enables the user to hear easier what he already can discriminate but it does not add new powers of discrimination. It has . J2 RANGE OF EVERYDAY SPEECH 4 Section of Otology 681 the effect of bringing the talker closer to him. Incidentally, this may be helpful for the alert user, since it frees him from the necessity for straining to hear faint sounds and permits him to make use of contextual clues to understand connected speech. Auditory training is helpful in developing this power of synthesis.
The articulation score is helpful in the choice of ear for the use of a hearing aid particularly where both the threshold and maximum articulation scores differ from ear to ear in a given patient. An interesting illustration is shown in fig. 8 [13] . This patient, from our hearing clinic, has good sensitivity but poor discrimination in the left ear and poor sensitivity and good discrimination in the right ear. Since his discrimination was good in the right ear, it was a simple matter to override his deficiency in sensitivity with a good hearing aid and to retain adequately his power of discrimination. It is obvious*that a hearing aid in his left ear would not have been too helpful because of its difficulty in discriminating as 03SSIl SOVOM 9d lus*Jsd SSO1 NOLLNNIIUWJSIG (2) Evaluation and the concept ofsocial adequacy.-In order practically to evaluate therapautic procedures and hearing aids we generally need to know to what extent we have improved the patient's ability to cope with the everyday dynamics of oral communication.
To this end Walsh and Silverman [17] suggested the concept of the social adequacy index for hearing (SAM) which essentially is the average percentage of P.B. words that would be correctly understood by the patient at the faint, conversational and loud speech levels. In other words, just as we are accustomed to averaging hearing loss at critical frequencies, we average ability to hear speech at critical intensities, in this case determined by social criteria. The threshold measure is not in itself adequate to predict a patient's performance since we have seen that ability to discriminate speech can vary widely above threshold in patients who may have the same threshold scores. The SAT, on the other hand, evaluates our remedial measures in terms of shifts both in sensitivity and discrimination. It tells us, for example, that the patient with poor discrimination is not helped by shouting, as we must in a noisy place, because an increase in intensity does not improve his power of discrimination. In a sense, the SAT accounts for hearing performance in a dynamic acoustic environment. Davis [41 has elaborated the motion of the SAM and has brought into quantitative relationship the various articulation tests. This is shown in fig. 9 . He has also presented a table for the rapid calculation of the SAT.
Frequently, clinicians evaluate measures to improve hearing by soliciting a subjective judgment from the patient as to the status of his hearing. Silverman et al. [14] studied the relationship in a series of 161 fenestration patients between their judgments of the status of their hearing and articulation tests performed under laboratory conditions. The patients were furnished a rating scale for various conditions under which they had to listen in everyday life (noisy places, audience situations, group conversation, &c.). Figs. 10 show the relationships between patient judgments and actual measured losses and SAI scores respectively. Theoretically, we should expect linear relationships, i.e. the greater the hearing loss (or the lower the SAI) the greater difficulty in hearing as judged by the patient. The plateau in both curves indicates that this is not so, probably because it is possible to compensate by the raised voice for losses of hearing up to 60 db. Note, too, the changes in judgments post-operatively. At any rate, patient judgment as a technique of evaluation should be employed with extreme caution. The table below, from Silverman et al. [14] , indicates the numbers in terms of hearing loss and SAI which may be placed on certain critical social thresholds. Incidentally, this information may be useful to those who must deal with job classification and medico-legal problems. t The Social Adequacy Index takes into account loss of discrimination as well as loss of sensitivity. + This limit is three times the standard deviation for a group of normal listeners. EQUIPMENT Equipment for the administration of articulation tests ranges from the simple to the elaborate. In fig. 12 we see a simple arrangement of equipment suggested by Hudgins et al. [9] for the administration of recorded articulation tests. Fig. 13 shows a more versatile and elaborate assembly of electro-acoustic equipment for clinical auditory tests suggested by Silverman and Harrison [15] . It cannot be emphasized too strongly that whatever equipment is used, its characteristics should be known, it should be accurately calibrated (both physically and on human subjects) and it should be checked periodically for consistency ofperformance. It is likely that simple, inexpensive assemblies of standardized equipment will soon be available and within reach of the practising otologist but even when this comes to pass the above precautions must be observed. After all, articulation scores are relative scores contingent upon the variety of factors mentioned previously. Only relative statements can be made about them within a framework of accurately described equipment and conditions. The question of live voice versus recorded (with known characteristics) articulation tests arises when procurement of equipment is being considered. The answer is by no means definitive or conclusive. In general, live voice tests have the advantage of economy, since no turntable or expensive recordings are required. In addition they eliminate a source of error which might creep in from a poor reproducer or inferior recordings. The tester can also vary the material. On the other hand, recordings have the great advantage of insuring uniformity of test material from test to test and their use does not fatigue the tester who in the live voice situation must concentrate on some form of monitoring device. Research is under way to compare the reliability and efficiency of both techniques.
Finally, workers in the field of articulation testing must not be reluctant to concede that articulation testing, at least in the present state of the art, should be viewed critically and, in some instances, experimentally. Ongoing research says that articulation tests need to be increasingly refined and validated and they need to be further streamlined for wider clinical application. Certainly this can be said about most clinical techniques. Articulation tests are not intended to supplant orthodox clinical tests but they are a valuable supplement and they should hold a respectable place in the armamentarium of the clinical otologist because they are quantitative, reproducible, reasonably valid and they tend to objectivize the response of the patient. After all, in articulation testing the patient either repeats the word correctly or he does not. He cannot get by with "maybe".
TOPICAL SUMMARY
(1) Progress has been made in the last decade in the development of articulation tests for clinical purposes.
(2) The principles underlying the articulation function which expresses the relationship between words correctly heard and intensity are discussed.
(3) The articulation test as a measure of sensitivity (hearing loss) and discrimination is described.
(4) Tests of tolerance for loud speech are discussed briefly. (5) How the articulation test may assist in diagnosis and prognosis is shown. (6) The use of the social adequacy index for evaluation of remedial procedures is described. (7) Comments are made concerning the equipment necessary for the administration of articulation tests.
(8) Articulation tests serve a useful purpose for the clinical otologist.
DIscussIoN
Mr. T. G. Wilson said that the classical methods of measuring auditory acuity were speech tests and tuning forks. He supposed that they could hardly call audiometry a classical method as its use had only recently become well established. The principal function of the human ear was to hear speech, but the rough and ready methods of testing which had always been employed were unsatisfactory and interest had therefore shifted rapidly to the use of tuning forks. The development of the absolute bone conduction test and the introduction of calibrated forks stimulated increasing interest in their use until about fifteen years ago, when every otologist bought an audiometer and in a lot of cases forgot all about the other methods. But the evolution of fenestration 35 Section of Otology 685 recently had stimulated interest in all forms of hearing tests, and tuning forks were not so much neglected as they had been. His own procedure in testing was first of all to use a set of calibrated forks and to make a rough test with the audiometer. He also carried out a rough speech test. On the following day he made careful audiometric records and tested again with tuning forks, and repeated the whole series of tests once more when the patient finally came up for fenestration.
It could be said, comparing the relative merits of forks and of the audiometer, that tuning forks were perhaps most useful for testing low tones and bone conduction, while the audiometer was more useful for high tones. The audiometer lent itself to graphic recording, but there were many ways of graphically recording tuning fork tests as well. Finally, tuning forks were a better way of making the clinical diagnosis while the audiometer was probably better for the routine checking of progress or of regression in hearing.
Hallpike had shown that patients who exhibited apparently increased bone conduction when tested under ordinary room conditions were found to have normal or subnormal bone conduction when tested in a soundproof room. This finding, of course, clarified the meaning of the bone conduction tests. The hearing of the examiner was diminished in proportion to the background noise; that of the patient was not diminished because he did not hear it.
It had recently been said that when the air-conducted hearing was markedly improved by fenestration, bone conduction was also definitely improved and a small number of cases had been brought forward which appeared to bear that out. If it were true it was an observation of very considerable importance, because it meant that loss of bone conduction due to otosclerosis might prove partly reversible.
In his view audiometry furnished a reliable method of estimating bone conduction though he agreed with Lindsay, of Chicago, who had said that the greatest pitfall in the measurement of bone conduction in otosclerosis had been in masking.
He thought the modern audiometer was reliable and that a very large source of the error was in the human element. A soundproof room and a carefully regulated technique were a great help.
They had come to the conclusion generally that the line of demarcation between perceptive deafness and conduction deafness was not as cut and dried as they had thought. No real advance had, however, been made in the exact localization of the lesions producing deafness, although the investigation of the Loudness Recruitment Phenomenon seemed very promising.
Concerning the subject of speech testing, it would seem that the essence of Dr. Silverman's work could be classified as follows: first of all, control and knowledge of the conditions of the test; secondly, proper selection of the syllables, words, or sentences used, and thirdly, the graphic representation of the results, which were, of course, obtained under proper conditions. He wondered whether Dr. Silverman had given quite enough attention to the factor of intelligence -not intelligibility, but intelligence. Many quite intelligent people were slow in the "take-up". Fanners, for example, were proverbially slow in picking up, but that did not mean that they were stupid. The education and environment of the patient must be taken into account.
Mr. I. Simson Hail referred to certain difficulties in the standardization of the speech tests. He had recently brought back certain word lists from an organisation in Chicago and gave them to his assistant, but his assistant told him, " I cannot use these unless I use an American accent".
As regards the fenestration procedure, they seemed at times to get results following the operation which seemed completely to negative their previous tests. The cochlea, after being openeda, seemed to react quite differently from the way it did before it was opened and doubtless they had a great deal still to learn about the phenomena of conductive deafness.
On the re-education of the patient after fenestration, some patients heard quite differently after the fenestration operation; disorientation might also occur. These results required further research.
Air Commodore E. D. D. Dickson referred to the work undertaken in the' early part of the war in the Royal Air Force. Dr. Fry was in great part responsible for the development of certain hearing tests for ascertaining the capability of aircrews to understand speech under working conditions, viz. in a background of noise. The tests were based to a large extent on certain of the conceptions which Dr. Silverman had propounded. The R.A.F. contribution has already been published and described in the Proc. R. Soc. Med. (1945) 38, 634, and J. Laryng. Otol. (1946) 61, 139. The equipment and testing material has proved useful in evaluating the help likely to be derived from a hearing aid. It is used in their rehabilitation scheme. The man with a high score in a background of noise was likely to benefit from a hearing aid whereas those with a low score would not. Research was proceeding in the field of speech audiometry in estimating the improvement derived from the fenestration operation. The equipment developed and in use in the R.A.F. was based on principles similar to those put forward by Dr. Silverman.
Dr. T. S. Littler said that the speech test was very important. In connexion with the use of a hearing aid there were many points that required investigation. The condition in which articulation and intelligibility did not increase with intensity similar to the normal state, called for further research. In such a condition, when speech is to be reproduced by a hearing aid, it might even be desirable to suppress to some extent the range of frequencies over which the ear was most defective.
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Proceedings of the Royal Society of Medicine 36 Dr. D. B. Fry said that in discussing the "spondee" word-lists, Dr. Silverman had referred to words like "earthquake" and "hardware" ; but these words were not equally stressed on both syllables and when one listened to the complete list of words used in the test one found that in not more than about half of them were the syllables equally stressed. They were in fact simply twosyllabled words with a strong vowel in each syllable. What was the real advantage of using such words? When one added the word "quake" to the word "earth", one increased the probability of correct recognition of the whole word, but this seemed only to make the actual test rather easier. Did it in fact increase its reliability? It had been their experience during the war, that one did not get reliable results when using groups of words as small as those used in the spondee test.
The other question he wished to put to Dr. Silverman was whether he and his colleagues had tried using sound articulation tests, that is tests in which credit was given for every sound correctly recognized. They had applied this technique in tests evolved during the war and it had worked well. Other things being equal, one tended to get more reliable results with an increase in the number of test items. He would suggest to Dr. Silverman that if credit were given for every sound correctly received, one could have a shorter test with more test items.
Mr. C. S. Hallpike said that the Electro-Acoustics Committee of the Medical Resejirch Council had been called upon to study the same problems which Dr. Silverman had so ably surveyed.
As the Committee's Report showed, the conclusions reached by the Committee and the test methods elaborated were substantially indistinguishable from those which Dr. Silverman had described. This was encouraging since it showed that the principles upon which these tests were based were clearly defined and well established. They were in sight, he hoped, of a close standardization of their methods on both sides of the Atlantic. There were only one or two points of difference. It appeared that in America spondee words were much used. In England, however, single syllable words were found to be much more serviceable than spondees, and these were used in short lists of 25 words. By that means they found that they were able to carry out many more tests on patients than would have been possible with longer lists.
Dr. Silverman, in reply, agreed that the intelligence of the patient was an important question and allowance must be made for slowness of what had been called "pick up". One must be as ingenious as possible in estimating a person's intelligence and sizing up the patient and his attitude toward the test.
They found the sentence test much more helpful in many clinical cases than the word test or the so-called spondee test. He agreed with that entirely but particularly in the case of elderly people. Standardization was a critical problem, and with it went reliability and validity. The manner in which these tests were directed and carried out was taken into consideration. They were carried out on many people under well-defined conditions. The mere departure from predicted scores had a certain value. It meant that here was a patient whose case had to be looked into because he departed from standard. Statistics therefore were carefully studied. It was found that increasing the number of test items to get a special test did not materially increase the reliability. He was pleased to know that they were getting reliability on this side and that what they wanted were shorter lists. In the States they were experimenting with the same sort of thing though they had nothing conclusive at the moment. They thought at one time that they could reduce the P.B. list to a dozen words. That was something they were still trying to do.
He was interested in Air Commodore Dickson's comment upon the use of tests in noise for the prescription of a hearing aid. He said that if the patient performed well in noise he would predict better performance with the hearing aid, and he felt that that was a very good approach.
There was one very nebulous thing which in his country they could only call "quality". It might be related to articulation scores but it was very difficult to measure. This was a problem they were now tackling. They could show a case where a person got the same score at an articulation test with two different hearing aids and yet quite definitely preferred one hearing aid to the other.
The question of word lists to which Mr. Simson Hall had referred was, of course, important. He could not answer just what words should be used. He had only tried to indicate the principles. It seemed to him that each country must work out what it considered suitable for its own purposes. It might be that some languages were much easier to hear than other languages.
Concerning his reference to "road block", to which Mr. Simson Hall had alluded, this was just an empirical observation on his part and they were not completely settled as to the physics of the operation.
In connexion with the fenestration operation he would like to suggest an experiment whereby they took a pair of headphones and had them working in phase, asking the patient to localize where the sound was heard. Then one of the phones might be thrown out of phase, whereupon the localization became different. This might be done pre-and post-operatively and some interesting results might ensue. He concluded by remarking that they by no means felt that the problem had been solved.
